Daan et al. (1984) have proposed that sleep and wakefulness are regulated, in part, by a "Process S" that increases during wakefulness and declines during sleep. Data derived from several studies were taken to determine the time course of Process S during both wakefulness and sleep. As required by the model, slow-wave-sleep (SWS; an index of Process S) was found to increase exponentially as a function of prior wake time (equation 1) and to decline exponentially as a function of time asleep (equation 2). The equations accounted for 91% and 96% of the variance, respectively. In addition, equation 1 accurately predicted the amount the amount of SWS in the first hour of nocturnal sleep.
Borb6ly (1982) and Daan et al. (1984) have proposed that the timing and duration of sleep are determined by two processes. One, called &dquo;Process S,&dquo; increases during wakefulness and decreases during sleep; the other, called &dquo;Process C,&dquo; is controlled by a circadian oscillator that is unaffected by sleep and wakefulness, and defines the upper (H) and lower (L) thresholds in the model (see Fig. 1 ). According to Daan et al. (1984) , &dquo;S increases monotonically during wakefulness until it reaches H, at which point sleep is initiated. S declines monotonically during sleep until it reaches L, when sleep is terminated&dquo; (pp. R162-R163). FIGURE 1. Schematic representation of the twoprocess model of sleep regulation (after Daan et al., 1984) . Process The time course of Process S is derived from the integrated power density of the EEG at just three points in time: at the end of a normal night's sleep, at the end of a normal working day, and after 24 hours of sleep deprivation. Thus, &dquo;the time course of S during wakefulness has not yet been based on a measured variable but has to be extrapolated from the terminal EEG power in the preceding sleep episode&dquo; (Daan et al., 1984, p. R172).
In the present analysis, using data derived from eight studies conducted in our laboratory, we determined the time course of Process S during wakefulness and sleep. Throughout, slow-wave sleep (SWS) was used as the index of Process S.
METHOD
The data were derived from three sources. The first was a study of naps taken at 0900, 1300, 1700, and 2100 hr, EST. Eight subjects were initially allocated at random to each of the four nap groups. The total recording period was set at 166 min. To obtain an adequate sample of SWS, any subject who did not sleep for at least 60 min was replaced. Five of those initially chosen did not meet this criterion. The subjects (20 females and 12 males) ranged in age between 18 and 23. A 2-hr adaptation session took place 3 days prior to the scheduled nap. Electrodes were attached, and the subjects were asked to retire to bed, but no measurements were taken on this occasion. The subjects slept at home during the night immediately preceding the nap. They were instructed to retire at 2400 hr. To ensure that all subjects were awake at 0600 hr, and that they remained awake thereafter, each was called on the telephone by the experimenter at 0600 hr, and they were asked to return the call at 0630 hr. Hence, the naps were taken after 3-15 hr of prior wakefulness. The naps took place in the same darkened, sound-attenuated rooms used for nocturnal recording. Subjects were instructed not to nap the preceding day, to refrain from consuming alcoholic and caffeinated beverages that evening, and to avoid unduly strenous exercise and a heavy meal before coming to the laboratory on the day of the nap.
In the second study, sleep was acutely delayed until 0300, 0400, and 0500 hr, EST. After one night of laboratory adapatation, 16 male subjects (aged 18-32) were seen under each of four conditions: 8-hr sleep periods beginning at either 2400, 0300, 0400, or 0500 hr, EST. The order of the conditions, begun 1 week apart, was counterbalanced. On nights when subjects were scheduled to retire at 2400 hr, they were asked to arrive at the laboratory by 2200 hr. On the remaining nights, they were asked to arrive by 2400 hr. On these occasions, they engaged in relaxing activities of their choice until the scheduled bedtime. Prior wakefulness, estimated from the subjects' stated time of arising (recorded on a sleep log kept daily throughout the study) varied between 15.7 and 20.1 hr. Subjects were instructed to refrain from alcohol for 48 hr prior to a laboratory session, not to nap the preceding day, to have their evening meal between 1800 and 1900 hr, and not to consume caffeinated beverages after that time.
In the third study, sleep was acutely shifted to 1500 hr (condition A), 0900 hr (condition B), and 1200 hr (condition C), each shift being maintained for 2 consecutive days. Nine male subjects (aged 20-28) were seen under each of three conditions: 8hr sleep periods beginning at either 1500, 0900, or 1200 hr, EST. In all three instances, the shift was immediately preceded by a night in the laboratory during which subjects slept between 2400 and 0800 hr. The first of these served to adapt the subjects to the laboratory. The second and third were retained for data analysis. The order of the conditions, begun 1 week apart, was counterbalanced. Subjects were given instructions similar to those of the preceding study. In addition, as a precautionary measure, all subjects were in the laboratory at times when we anticipated that it would be particularly difficult for them to remain awake (i.e., 2300-0700 hr in condition A; 2400-0900 hr in condition B; and 2400-0700 in condition C). The duration of wakefulness, estimated from the EEG record of the immediately preceding sleep episode, varied between 7.1 and 27.9 hr.
PROCESS S DURING NOCTURNAL SLEEP '
The data for nocturnal sleep were derived from five studies conducted in our laboratory. The first was a study of 20 twins (13 male and 7 female) aged between 15 and 25. The subjects slept for three consecutive nights in the laboratory. The third of these nights was used in the present analysis. The second study was of intranight reliability. Twelve subjects (6 male and 6 female), aged 19-23, were seen for four consecutive 8-hr nights, followed by a night of ad libitum sleep. The fourth night was used in the present analysis. The third and fourth studies were of laboratory adaptation. In one, 10 male subjects (aged 18-24) were seen for two consecutive nights, the second of which was used for the present analysis. In the other, 20 female subjects (aged 18-24) were seen for three consecutive nights, the third of which was used for this analysis. The final study was of shifted sleep, in which, following an adaptation night, 9 male subjects (aged 18-22) were seen under each of three conditions (sleep beginning at 2100 hr, 2400 hr, and 0300 hr) given in counterbalanced order starting 1 week apart. The night beginning at 2400 hr was used for the present analysis. We wish to emphasize that, in all instances, (1) the subjects had experienced at least one previous night in the laboratory; (2) sleep had begun at approximately 2400 hr, and (3) the subjects had been allowed to sleep undisturbed for up to 8 hr. Data were available for a total of 71 subjects (38 male and 33 female) aged between 15 and 25.
Female subjects were seen between the 4th and the 22nd day of their menstrual cycle. In keeping with a standard protocol, all subjects were required to abstain from alcohol for at least 24 hr preceding the night in the laboratory, to avoid strenuous exercise, not to nap during the immediately preceding day, and not to consume caffeinated beverages after 1800 hr.
SLEEP RECORDING
In all studies, sleep was recorded using the procedures recommended by Rechtschaffen and Kales (1968); thus, the EEG was recorded from either C3-A2 or C4-A1. The resulting records (identified by number only) were scored according to the Rechtschaffen and Kales criteria.
RESULTS

SWS AND PRIOR WAKEFULNESS
Since, in all three studies, subjects had at least 1 hr of sleep, analysis was confined to the mean minutes of SWS in the first hour of sleep. An exponential function was fitted to these data, using the method of least squares. The equation was as follows:
This equation, which accounted for 91% of the variance, together with the data from which it was derived, is shown in Figure 2 .
SWS IN NOCTURNAL SLEEP
All 71 subjects had 6 (complete) hr of sleep, and 56 had 7 hr. Using the method of least squares, an exponential function was fitted to the mean minutes of SWS in each hour of sleep. The equation was as follows:
This equation, which accounted for 96% of the variance, together with the data from which it was derived, is shown in Figure 3 .
PROCESS S
Since Process S is a continuous process, in Figure 4 we have juxtaposed the two functions given above. In this figure, equation 1 is assumed to cover 16 hr of wakefulness, and equation 2 the immediately succeeding 8 hr of sleep. We note that equation 1 predicted that there would be 34.7 min of SWS in the first hour of sleep taken after 16 hr of prior wakefulness. The data for our 71 subjects showed that there were 33.1 min of SWS in the first hour of their sleep.
DISCUSSION
Before we discuss the results, two possible limitations of the present data require comment.
First, in the study of daytime naps and of acute shifts in the sleep period, the duration of prior wake time was confounded with the time of day at which sleep was taken. This confound, however, is of little consequence, since the study of split-period sleep regimens has established that the time of day exerts little influence on SWS (Webb and Agnew, 1971b; Hume and Mills, 1977) .
Second, SWS was used as an index of Process S. While SWS does not precisely coincide with the integrated power density measure adopted by Daan et al. (1984) , its use is justified because, &dquo;since most of the spectral power density is contained in FIGURE 2. Minutes of slow-wave sleep (SWS) in first hour of sleep, as a function of hours of prior wakefulness. Data for 0900, 1300, 1700, and 2100 hr derived from a study of daytime naps; remaining data points from two studies of shifted sleep. the low frequency bands, the integrated values correspond largely to slow wave activ-ity&dquo; (Borb6ly, 1982, p. 196) . Given that SWS is defined by the occurrence of slowwave activity in 20% (or greater) of the epoch, most slow-wave activity will be identified by conventional methods of scoring SWS (Rechtschaffen and Kales, 1968).
Nonetheless, for this reason, and because we based our data analysis on the first hour of sleep, some slow-wave activity was neglected, and this point is discussed later.
The results clearly indicate that SWS increased exponentially as a function of prior wake time (equation 1; Fig. 2 ), and declined exponentially during sleep (equation 2; Fig. 3 ). The equations accounted for 91% and 96% of the variance, respectively. In addition, the first equation accurately predicted the amount of SWS empirically observed in our sample of subjects sleeping undisturbed at night. In this context, the discrepancy between the two functions at 16 hr (Fig. 4 ) appears trivial, particularly when it is remembered that the equations were derived from two sets of independent studies.
We have noted, however, that equation 1 gave negative values for SWS before 1.8 hr of prior wakefulness. The most likely explanation is that conventionally scored SWS is unlikely to occur in the first hour of sleep episodes taken shortly after waking from a previous night of sleep. In fact, none of the subjects napping at 0900 hr experienced any SWS in the first 10 min, and only one in the first 20 min. In our opinion, this reflects a deficiency in the index adopted, rather than in the model. A more detailed measure of slow-wave activity would resolve this point. In our opinion, it does not detract from our major conclusion that SWS varies in both wakefulness and sleep in a manner required by the model.
Finally, while the data have been presented and discussed within the context of the model proposed by Daan et al. (1984) , they clearly relate to the early studies of &dquo;time course&dquo; variables (Webb and Agnew, 1971a; Agnew and Webb, 1973) and of split-period sleep regimens (Webb and Agnew, 1971b; Hume and Mills, 1977) , which suggested that whereas rapid eye movement (REM) sleep is primarily influenced by the time of day at which sleep is taken, SWS is primarily influenced by the duration of prior wakefulness. We also acknowledge that Hume and Mills (1977) were the first to state these functional relationships in quantitative terms, though, given their design, they could only assess the effects of up to 16 hr of prior wake time on SWS. Within that range, a linear equation provides a more parsimonious description of the data (Hume and Mills, 1977) . It is only when sleep is preceded by longer intervals of prior wake time that the curvilinearity becomes obvious.
